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Abstract 
In this work, samples of ultrapure aluminum (content 99.999%) and AA 5083 aluminum alloy (Al-Mg) have been welded under 
conduction regime, with a pulsed Nd:YAG laser. Due to the very specific final application (use of aluminum assemblies in 
cryogenic conditions), stringent specifications are imposed for the weld in terms of thermal conductivity and gas tightness at a
temperature of 18°K. Process conditions were refined and were validated according to our cryogenic criteria. 
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1. Motivation / State of the Art 
For its Simulation program, CEA designs and manufactures specific devices (targets) dedicated to experiments 
on high-power laser facilities. The final goal of such experiments is to study dense and hot plasmas in laboratory 
conditions. This paper gives some examples of micro-welding applications for targets manufacturing. 
Targets are complex assemblies developed from a number of components and their fabrication involves various 
sophisticated processes>1@. Those components are composed of a large range of materials, but they have in common 
their dimensions (in the millimeter range) and their dimensional accuracies (in the micrometer range). Roughly, the 
baseline design of a target is a cylindrical gold hohlraum (on which laser beams are focused and converted into X-
rays) containing the studied element (plastic or foam micro-shell, metallic or plastic plate,…) as shown in Figure1. 
Today, one of the greatest challenges is the experimental program linked to the inertial confinement fusion (ICF). 
This project requires a cryogenic gas-filled target that contains a micro-shell kept at a temperature of about 18°K for 
the laser shot. That implies very demanding fabrication requirements in terms of target thermal conductivity and gas 
tightness. In that frame, laser welding could be a powerful solution: the goal of this study is to evaluate its 
contribution on various target geometries. 
Figure 1 shows two types of target that could involve laser welding. The first one (Figure 1a) is the nominal 
design of the cryogenic target. Its mounting system is made in ultra-pure aluminum (99.999 % Al) due to the 
excellent thermal conductivity of this specific material. The second target (see Figure 1b) is more prospective. It is 
composed of two cylinders fitted into each other, with tips closed by windows, and also gas-filled. Cylinders are in 
AA 5083 aluminum alloy and the gas tightness is ensured by gluing. The disadvantage of gluing is that a leakage 
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can appear if the contact between both sections is not perfect. To overcome this problem, a lap-welding of AA 5083 
aluminum alloy has been studied. 
Welded joints have been qualified in terms of thermal conductivity (measured at 18°K) and gastightness (measured 
at 77°K). 
Figure 1. (a) Nominal ICF target   (b) Principle of a prospective gas-filled target 
Welding was performed by pulsed Nd:YAG laser. This source is well-adapted for the target manufacturing 
because most of the involved components are thin and sensitive to an external thermal load. In pulsed mode, the 
heat-affected zone is localized: this way, the most closely components are not damaged and the target is not 
subjected to heat induced distortion. On the other hand, the high peak power of a pulsed Nd:YAG laser allows to 
compensate for the high reflectivity and high thermal conductivity of aluminum >2,3@.
From materials point of view, it is well known that ultra-pure aluminum is a good candidate for the laser 
welding>3@. However, an attention has to be paid on its reflectivity that is greater as the aluminum is purer >4@.
In the case of the AA 5083 aluminum alloy, several authors have reported weld defects such as hot cracking due 
to a large solidification range between liquidus and solidus, or porosities due to the high Mg content (4.5 %) that 
favours gas entrapment>2-5@. Obviously, such defects (hot cracking mainly) could have a detrimental effect on the 
hohlraum gas tightness and must be minimized. However, our application induces difficulties that prevent us from 
using the most recommended solutions. For instance, using an Al-Si filler metal to reduce the solidification range>2@
is not applicable because of the small sizes of components to be assembled.  
A study has been initiated and preliminary results are given below. Minimization of defects in the joint has been 
accomplished thanks to carefully cleaning techniques, inert shielding and a proper selection of laser processing 
parameters. Results in terms of gastight at 77°K and thermal conductivity at 18°K are given. 
2. Experimental 
Studies have been performed with the following samples:  
x For the ultra-pure aluminum, parallelepipedal pieces with a square section of 1 mm or 5 mm, and a length of  
10 mm, were butt welded. 
x For the AA 5083 aluminum alloy, two cylinders (inner diameter ~ 6 mm, wall thickness: 150 μm) fitted into each 
other were lap welded perpendicular to the cylinders axis.  
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Joint designs are given below: 
Figure 2. (a) Butt joint (ultra-pure Al) ; (b) Lap joint (5083 Al) 
Welding was performed on aluminum samples using commercial Nd:YAG pulsed laser delivering a peak power 
up to 5 KW. The pulse width can be adjusted from 0.2 ms to 50 ms, and the beam diameter can be tuned from 1 mm 
down to 100 μm. The focal position was situated at the sample surface to obtain the higher power density. 
Welding was performed at low peak power (< 1 KW), in conduction mode. This mode, more adapted than a key-
hole mode in the case of thin sheets >2,3@, has the advantage to be more stable >4,5@. In fact, it has been reported that 
AA 5083 alloy has magnesium lost of about 1-4% when welded under conduction mode, instead of 13-22 % in 
keyhole regime >4@. Considering that cracking problem is especially serious when the Mg content in the weld bead is 
reduced to less than 3% >2@, the choice of a conduction regime was confirmed. 
   All samples were acetone degreased prior to welding in order to prevent at best laser-induced porosities. The most 
commonly methods (based on chemical attacks) are not applicable there because of the target assembly cycle time 
(several days between the surface preparation and the welding itself). Moreover, parts forming the final target have 
to respect very strict fabrication tolerances that should remain the same over the process. 
It is also well known the shielding gas plays a very important role in welding aluminum alloys, preventing 
hydrogen entrapment in the weld bead and then porosities formation>2@. In that case, an argon flow rate of 20 
liter/hour was applied under a pressure of 2 bars. This set of values represented the best compromise: in a case of a 
too high pressure (higher than 2 bar), the weld was disturbed (the flow pushed the weld bead away from the 
surface). If the flow rate is too low (< 10 liter/hour), the inert shielding was not perfect enough. 
Finally, an overlap rate of 80% was chosen to get a smooth weld. 
In that configuration, a set of laser parameters has been optimized (energy per pulse, pulse shape, incidence angle).  
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3. Results and discussion 
x Butt joint of ultra-pure aluminum (see Fig 2a) 
This configuration was studied to improve the thermal conductivity of ultra-pure Al junctions. In that case, two 
parameters remained unchanged (rectangular pulse shape and focus diameter of 500 μm), and two others have 
been optimized: the incidence angle and peak power. The corresponding metallographic images are given 
below. 
Figure 3. (a) Metallographic images of butt weld beads cross-sections – incidence angle: 25°    (b) incidence angle: 45° 
Figure 4. (a) Metallographic images of butt weld beads cross-sections – Peak power: 830W (6 ms)   (b) Peak power: 1 kW (3 ms) 
Figure 3 shows the role of the incidence angle, since a too high angle has a detrimental effect on the welding 
process. The better configuration corresponds to a low angle. An angle of 25° was preferred to a perfect normal 
incidence angle in order to prevent the focusing head from optical damages. 
Figure 4 shows the cross-section of the weld. The shape was typical of those obtained in conduction regime, 
with a lower depth-to-width ratio than usually observed (about 1:1 instead of about 3:1>2@). This can be 
explained by the excellent thermal conductivity of this ultrapure material, leading to a too rapid heat transfer 
and avoiding the concentration of energy in the weld pool. The following penetration depths have been 
measured: 
270 μm for a sample section of 5 mm (for a peak power of 830 W or 1 kW) 
370 μm for a sample section of 1 mm (for a peak power of 830 W) 
Such values are in agreement with the target geometry, since the four sides of the sample should be welded (on 
a depth lower than half of the material section, i.e. 500 μm). The penetration is deeper for the smaller sample 
section (1 mm) due to a better concentration of the thermal load. 
Besides, the process is stable from the peak power point of view, even if the use of a greater pulse width (6 ms) 
seems to reduce the porosity content. 
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To get a functional evaluation of this process, the main criterion consists in measuring the thermal conductivity 
across the joint, in cryogenic conditions. Measurements around a temperature of 20°K were performed on a 
specific cryostat, on samples with a cross section of 1 mm. Such samples were bounded with cryogenic glue 
(Stycast®) in a first case or laser welded in a second case. Results were compared to a monobloc sample of the 
same size. 
 The results showed the efficiency of the welding process: conductivities of 8000 Wm-1K-1 were obtained for 
the welded version, very close to the 10 000 Wm-1K-1 obtained for a monobloc sample. For comparison, two 
glued samples showed conductivity about 100 times lower (100 Wm-1K-1). This first result demonstrates the 
benefit of a laser welding technique to improve thermal connection between two ultrapure aluminium 
components. 
x Lap-joint of AA5083 aluminum alloy (see Fig 2b) 
This configuration was studied to ensure the hohlraum gas tightness at AA5083 Al alloy junctions. This is a 
very demanding specification which requires an optimization of all parameters, in particular: 
(i) The gap between the two assembled elements: 
For this type of geometry, the gap between both cylinders is very important to keep the same 
penetration depth. First tests showed that a maximum gap of 20 μm (on the radius) should be allowed.  
(ii) The surface cleaning 
Surface preparation is also essential, because only one emergent crack is detrimental for the joint gas 
tightness. That is the reason why a degreasing with a neutral soap (Neutracon®) has been added in the 
process (in addition to the first cleaning phase with acetone®). Without this precaution, obtaining a 
gastight welded joint has not been possible. 
(iii) The laser parameters 
The spot size has been chosen to fit the outer cylinder thickness (150 μm). Compared to the previous 
case of ultrapure aluminum, the material is less conductive and the welding geometry is different: a 
longer pulse width was selected (20 ms). To avoid mechanical stress in the material, the pulse profile 
was modulated to allow a rapid rise time (up to the maximum power) followed by a slow decrease of 
the power. 
The applied peak power was optimized to weld the interface without drilling the inner cylinder. The 
corresponding energy was 700 W. 
With this first optimized set of values, AA5083 aluminum has been successfully welded, without filler wire 
addition. As explained previously, the criterion is the target gas tightness. This parameter has been measured on 
the benchmark given in Figure5. This measurement requests to glue the target onto a baseplate and to insert it 
into a vacuum chamber. A helium pressure of 1 bar is then applied inside the target through the baseplate. A 
sensor (Inficon®) is connected to the vacuum chamber and gives the value of the leakage rate by a mass 
spectroscopy technique. 
This set-up allows a measurement at 300°K or 77°K (in that case, the vacuum chamber is dived into a liquid 
nitrogen Dewar). 
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Figure 5. (a) Benchmark for the gastight measurement      (b) AA 5083 sample 
Measurements showed a leakage flow rate of 1,1.10-8 mbar.l.s-1 at ambient temperature and 77°K.  
This result demonstrates that it was possible to weld AA 5083 alloy without the help of a filler wire. The weld’s 
quality is good enough to reach a gas tightness level compatible with the specifications. 
4. Conclusions 
In this work, ultrapure aluminium and AA5083 alloy were welded under conduction regime with a pulsed 
Nd:YAG laser. The particularity of this study lied in the application field, since the goal was to enhance thermal 
conductivity or gas tightness under cryogenic conditions. 
Parameters were optimized to reach that goal, in respect with the constraints usually met for the target 
manufacturing: small and fragile parts (especially for the ultrapure aluminium) that have to respect very tight 
fabrication tolerances. This implies specific conditions for the laser welding: (i) only a localized and moderated 
thermal load can be applied, the goal is to avoid a target distortion and a damage of the surroundings parts,  
(ii) today, the surface preparation of the target don’t include a chemical attack (to remove the oxide skin) because 
this treatment can’t be performed just before the welding itself, (iii) no filler material can be added. 
Despite such constraints, the welding feasibility has been demonstrated with satisfying results in cryogenic 
conditions. The hardest work concerned the gas tightness of the weld that requests a strict respect of all process 
parameters.   
Only preliminary data were presented here. This work will continue to get a better control of the process. In 
particular, parametric tests will be done (variation of peak power, pulse shape, beam size). The goal is to correlate 
each parameter with the weld geometry (width and depth) and composition (fine analysis of the structure and the 
porosity content). Moreover, progress should be made by improving the surface preparation. A potential method 
consists in an ion etching (under vacuum) to remove the oxide layer, followed by the deposition of a thin gold layer 
to protect the surface from oxidation. In that case, the influence of the gold on the weld bead behaviour should be 
studied. 
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